Objectives. The five-year survival rate of head and neck cancer (HNC) after radiotherapy (RT) varies widely from 35% to 89%. Many studies have addressed the effect of socioeconomic status and urban dwelling on the survival of HNC, but a limited number of studies have focused on the survival rate of HNC patients after RT. Materials and methods. During the period of 2000-2013, 40,985 working age individuals (20 < age < 65 years) with HNC patients treated with RT were included in this study from a registry of patients with catastrophic illnesses maintained by the Taiwan National Health Insurance Research Database (NHIRD). Results. The cumulative survival rate of HNC following RT in Taiwan was 53.2% (mean follow-up period, 3.75 ± 3.31 years). The combined effects of income and geographic effect on cumulative survival rates were as follows: high income group > medium income group > low income group and northern > central > southern > eastern Taiwan. Patients with moderate income levels had a 36.9% higher risk of mortality as compared with patients with high income levels (hazard ratio (HR) = 1.369; p < 0.001). Patients with low income levels had a 51.4% greater risk of mortality than patients with high income levels (HR = 1.514, p < 0.001). Conclusion. In Taiwan, income and residential area significantly affected the survival rate of HNC patients receiving RT. The highest income level group had the best survival rate, regardless of the geographic area. The difference in survival between the low and high income groups was still pronounced in more deprived areas.
INTRODUCTION
Globally, approximately 670,000 new diagnoses of head and neck cancer (HNC) and 350,000 HNC-related deaths are reported every year (Ray-Chaudhuri, Shah & Porter, 2013) . HNC is the sixth most common cancer in Taiwan and the fourth most common among Taiwanese men (Chang et al., 2017a) . Radiotherapy (RT) can effectively alleviate HNC (Chu et al., 2016; Reeve et al., 2013; Wu et al., 2016) ; however, adherence to RT is difficult for patients with severe toxicity associated with RT (Thomas et al., 2017) , such as mucositis, taste disturbance, xerostomia, opportunistic infection, trismus, radiation caries, osteonecrosis of the jaw, and progressive periodontal destruction (Cabrera, Yoo & Brizel, 2013; Kuo et al., 2016c) . These comorbidities impair chewing, swallowing, and speaking function.
The post-RT five-year survival rate of HNC patients varies widely-from 35% to 89% (Hutcheson et al., 2014; Iyer et al., 2015; Langius et al., 2013; Lassig et al., 2012) ; however, this large variation may result from differences in study designs and inclusion criteria. Many factors affect the survival of HNC patients after RT, including age (Chang et al., 2013; Unal et al., 2015) , sex (Olsen et al., 2015; Osazuwa-Peters et al., 2016) , race (OsazuwaPeters et al., 2016) , personal habits (e.g., smoking status, alcohol consumption, betel nut chewing) (Chang et al., 2017a) , primary tumor site, tumor-node-metastasis stage (Kreppel et al., 2016) , human papillomavirus status (Chu et al., 2016) , therapy type (Selzer et al., 2015) , nutritional status (Chang et al., 2017a) , psychiatric disorders (Unal et al., 2015) , urbanization (Chang et al., 2013) , education (Kjaer et al., 2013) , individual and neighborhood socioeconomic status (SES), and geographical area (Chang et al., 2013; Chu et al., 2016; Kjaer et al., 2013; Wu et al., 2016) .
Many studies have found that a lower SES is associated with a lower survival rate among HNC patients (Choi et al., 2016; Chu et al., 2016; Olsen et al., 2015; Osazuwa-Peters et al., 2016; Wu et al., 2016) . Other studies have revealed that neighborhood SES, geographical area, area-level socioeconomic position (SEP), and urban dwelling, all influence HNC patient survival (Chu et al., 2011; Hagedoorn et al., 2016; Kuo et al., 2016a; Wong et al., 2017) . In general, lower neighborhood SES and rural residence are associated with lower survival rate among HNC patients. However, few studies have focused on post-RT survival rate (Kuo et al., 2016a) .
Prediction of post-RT survival is fundamental for treatment planning by oral reconstruction dentists. Therefore, this study investigated the effects of SES (determined by income) and residential area on post-RT survival among working-age patients with HNC in Taiwan.
MATERIALS & METHODS

Data source and study cohort
Taiwan's National Health Insurance (NHI) program was established in 1995. With 23 million enrollees, it currently covers more than 99% of the Taiwan population. The data from Taiwan's NHI Research Database (NHIRD) are generally reliable and accurate (Chang et al., 2017b) . We identified 66,626 patients with HNC who received RT during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] from the registry of patients with catastrophic illnesses in the NHIRD. Of them, those with a prior history of cancer (n = 3,131), incomplete data (n = 43), RT procedure codes 36012B or 36011B <100 times in 75 days (since RT commenced; n = 13,809), age ≥ 65 years (n = 8,492), and age ≤ 20 years (n = 166) were excluded (Kuo et al., 2016c) . Finally, 40,985 patients who received RT for HNC were included. The study was approved by Kaohsiung Veterans General Hospital (VGHKS15-EM10-02).
The applicable International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes specific to HNC were adopted (https://en.wikipedia. org/wiki/ Oral_cancer), namely lips (ICD-9-CM 140), tongue (ICD-9-CM 141), major salivary glands (ICD-9-CM 142), gums (ICD-9-CM 143), mouth (ICD-9-CM 144), other and unspecified parts of the mouth (ICD-9-CM 145), oropharynx (ICD-9-CM 146), nasopharynx (ICD-9-CM 147), hypopharynx (ICD-9-CM 148), other and ill-defined sites within the lip (ICD-9-CM 149), and larynx (ICD-9-CM 161). In addition, RT procedure codes (36012B or 36011B), specific for Taiwan, were included.
Survival analysis
The start point for survival analysis was the index day, defined as the first day of RT, not the first day of diagnosis establishment. The endpoint of survival analysis was the day of death. For patients who survived until the end of the observation period, December 31, 2013 was considered the endpoint.
Income and geographical area
The NHI premium depends on the income of the patients. Thus, although the NHIRD does not record patients' education level, it records their income. We used this to represent the income factor in our design. We categorized monthly income as follows: low, ≤US$547 (≤NT$17,500); moderate, US$547-781 (NT$17,500-NT$25,000); and high, ≥US$781 (≥NT$25,001; the US$''-NT$ conversion is based on an average conversion rate of NT$32 to US$1 for 2015-2016). The geographical area was classified as Northern, Central, Southern, and Eastern (including the offshore island group) Taiwan (Fig. 1) (Hung et al., 2015) .
Other variables
Other variables included the date of RT administration (before or after January 1, 2009), tumor origin [oral (ICD-9-CM 140-145) or non-oral (ICD-9-CM 146-149,161)] (Kuo et al., 2016b) , use in combination with conventional chemotherapy (cisplatin or 5-fluorouracil; yes or no), mandibulectomy or maxillectomy (yes or no), and excision of HNC malignant tumor within 3 months from the index day (yes or no). In patients with HNC of oral origin, the malignant neoplasm sites were the lips, tongue, major salivary glands, gums, mouth floor, and other unspecified parts of the mouth, whereas they were the oropharynx, nasopharynx, hypopharynx, unspecified pharynx, and larynx in patients with HNC of non-oral origin (Kuo et al., 2016b) . Volumetric-modulated arc therapy (VMAT) was introduced in 2009 in Taiwan; the cutoff point in this study was also 2009. 
Statistical analyses
All statistical analyses were performed on SPSS (version 20; SPSS Inc., Chicago, IL, USA). The Pearson chi-square test was used for analyzing categorical variables (sex, geographic region of residence, tumor origin, surgery, chemotherapy, and timing of RT), where as a one-way analysis of variance was employed for the continuous variable (age). The chi-square test of homogeneity was used for comparing survival rates until the end of the observation period between income levels and geographical areas. The Z -test with Bonferroni adjustment was used for post hoc comparisons between groups. The KaplanMeier method was used for survival analysis with variables limited to income levels and geographical areas only, whereas differences in the survival curves were identified using the log-rank test. A Cox regression model was adjusted for baseline covariates.
RESULTS
Demographic data and clinical characteristics
In total, 40,985 working-age HNC patients treated with RT (mean age, 49.23 ± 8.66 years; age range, 20.01-64.99 years) were included, and the overall survival rate was 53.2% (mean follow-up period, 3.75 ± 3.31 years; Table 1 ) until December 31, 2013 (end of the observation period). The age range of the study cohort was limited to 20-65 years because the mandatory retirement age by law in Taiwan is 65 years. Low-and high-income HNC patients had a higher and lower proportion of tumors with oral origin, respectively ( Table 1) . As shown in Fig. 2 , the effects of income and geographical area on the cumulative survival rates were in the following orders: high >moderate >low and Northern >Central >Southern >Eastern, respectively. Figures 3A-3C depicts Kaplan-Meier plots for overall survival, survival curves according to different geographical areas, and survival curves according to income levels, respectively. Figure 4 illustrates a Kaplan-Meier plot of survival of patients with HNC undergoing RT based on geographical area and income. Median survival in years was longest and shortest among patients residing in Northern and Eastern Taiwan, respectively (Northern >Central >Southern >Eastern; Table 2 ). Median survival was longer in the high-income group than it was in the low-and moderate-income groups. Significant differences were noted in the survival curves according to the geographical area (Table 3) .
Univariate survival analysis
As shown in Table 2 and Fig. 2 , among the adult HNC patients (20 < aged < 65 years) residing in different geographical areas, survival was longer among the high-income group than among the low-income group (p < 0.05).
Cox proportional hazard model
Results of the multivariate Cox proportional hazard model for the mortality of HNC patients receiving RT showed that residential area, income, sex, tumor origin, year of RT Patients residing in Eastern Taiwan had a 45.4% greater risk of mortality than did those residing in Northern Taiwan (HR = 1.454, 95% CI [1.362-1.552], p < 0.001).
Men had a 104.9% greater risk of mortality than did women (HR = 2.049, 95% CI [1.943-2.162], p < 0.001). Tumor with oral origins were associated with a 66.0% greater risk of mortality (HR = 1.660, 95% CI [1.609-1.712], p < 0.001) than were tumors with non-oral origins. The use of combined chemotherapy was associated with a 50.4% greater risk of mortality (HR = 1.504, 95% CI [1.452-1.558], p < 0.001) than was the use of no chemotherapy.
DISCUSSION
According to the Surveillance, Epidemiology, and End Results database, the average diagnosis age of laryngeal, oral cavity, and pharyngeal cancer is 62 years. Alvarenga Lde et al. (2008) demonstrated that the average diagnosis age for HNC is 62 years in Brazil. However, we noted that the average diagnosis age of HNC in Taiwan is 51.84 years (Kuo et al., 2016c) , much lower than that reported previously.
Individuals from the working-age group (20-65 years) provide the main source of family income and care; thus, any serious illness such as HNC can have a negative impact on their family, society, and country. The incidence of HNC is high in Taiwan. Most HNC patients are men (91.3%) and aged 40-60 years (56.0%) (Hsu et al., 2017; Hwang et al., 2015) . Taiwan has the highest oral cancer incidence worldwide. Among younger and male patients, oral and oropharyngeal cancers are more prevalent than hypopharyngeal and laryngeal cancers (Hsu et al., 2017) . We focused on the survival of HNC patients who received a complete course of RT. Therefore, patients who received RT at a total dosage <60 Gy in 75 days were excluded according to our previous protocol (Kuo et al., 2016c) . Schwam, Husain & Judson (2015) reported that the 3-year survival rate of HNC patients after adjuvant radiotherapy was 62.8%, higher than the survival rate of HNC patients who received a complete course of RT in the present study. In general, HNC patients with lower incomes have lower survival rates than those with higher incomes (Gupta et al., 2018; Subramanian & Chen, 2013) . Here, HNC patients with high income residing in Northern Taiwan had the highest overall survival rate, whereas those with low income residing in Eastern Taiwan had the lowest overall survival rate (Fig.  2) . Income had a significant effect on the survival of HNC treated with RT, with the best survival rate being associated with the highest income, regardless of the area of residence. Both income and geographical area have been separately linked to the survival rate of HNC patients treated with RT (Chu et al., 2016; Olsen et al., 2015) . According to data published by the Taiwan government, life expectancy, concentration of medical facilities, and accessibility to medical resources are best in Northern Taiwan, followed by Central, Southern, and Eastern Taiwan (Kuo et al., 2016a) . Because of worse transport infrastructure and a low density of medical resources, Eastern Taiwan is a medically deprived area. In the present study, regardless of residential area, income was significantly associated with median survival years and curves (Table 2, Fig. 4) . Although the overall survival rate of patients residing in Eastern Taiwan was lower than that in other regions, the survival rate of the highest income group in Eastern Taiwan was even greater than that of the highest income group in Southern Taiwan (Fig. 2) . However, no significant difference in the overall survival rate was noted among patients with the highest income in Eastern, Central, and Southern Taiwan (Fig. 2) , probably because patients with higher income have a greater ability to cross regions and access better medical treatment and facilities (Yi-Chen & Chin-Hung, 2010) . Our results also demonstrated that a higher income was associated with a higher survival rate in each regional area, and the differences in the survival curves and median survival years between the medium-and low-income groups were smaller than the differences between the high-and low-income groups or between the high-and moderate-income groups (Fig. 4, Table 2 ). We analyzed the interaction effect between income level and residential area, income, and surgery on post-RT mortality. Some interactions were discovered, and the trend was comparable to the original model-a more deprived residential area and lower income were both associated with higher post-RT mortality. Interaction effects between income level and surgical treatment were also noted. Among patients without tumor excision surgery, lower income was associated with higher mortality HR. However, in the high-income group, tumor excision surgery did not affect the post-RT mortality rate.
Hagedoorn et al. (2016) reported that among men aged 40-64 years with HNC in Belgium, survival was significantly lower for men with a low SEP and living in deprived areas. The differences in survival between the low-and high-SEP groups appeared less pronounced in more deprived municipalities (Hagedoorn et al., 2016) . The main difference between our study and the study by Hagedoorn et al. (2016) is that we included both working-age men and women with HNC treated with RT. The difference in post-RT survival between low-and high-income groups was higher in more deprived areas in Taiwan, such as Eastern Taiwan.
Men exhibited 104.9% greater HNC-associated mortality than did women. Many studies have confirmed that survival is poorer among men with HNC than among women with HNC (Choi et al., 2016; Chu et al., 2016; Olsen et al., 2015; Osazuwa-Peters et al., 2016) , which is consistent with the results of the present study. However, we discovered a much higher HR in men than that reported previously, which may have resulted from the following reasons: (1) women are more likely than men to seek medical care and comply with treatment regimens (Osazuwa-Peters et al., 2016) , and (2) men are more likely to chew betel nut, which increases the risk of oral squamous cell carcinoma, an aggressive form of HNC (Tung et al., 2013; Yang & Lin, 2017) . Approximately 10% of Taiwan's population habitually chews betel nut (∼2 million people) (Ko et al., 1992) . This percentage is higher in Southern and Eastern Taiwan, particularly among men (men: 16.5%; women: 2.9%), those of lower SES, habitual smokers, alcoholics, and aborigines (Chen et al., 2017; Chi-Pang et al., 2009) .
We noted that patients treated with either cisplatin or 5-fluorouracil chemotherapy had 50.4% greater risk of mortality than did who were not treated with chemotherapy. Cisplatin and 5-fluorouracil constitute standard chemotherapy for recurrent or metastatic squamous cell carcinoma of head and neck (SCCHN) (Tahara et al., 2014) . Because more than 90% of HNCs in Taiwan are squamous cell carcinoma, we selected cisplatin and 5-fluorouracil as the chemotherapeutic variables. We assumed that most HNC patients received cisplatin and 5-fluorouracil to treat recurrent or metastatic SCCHN. Therefore, patients treated with chemotherapy had lower survival rate.
Intensity-modulated RT (IMRT) and VMAT provide superior target coverage, greater efficiency, fewer complications, shorter therapy duration, and less influence on the quality of life than do conventional RT and three-dimensional conformal RT (Duarte et al., 2014; Lin et al., 2014; Tribius & Bergelt, 2011) . IMRT and VMAT have rapidly replaced conventional RT and three-dimensional conformal RT since 2009 in Taiwan (Bedford & Warrington, 2009; OuYang et al., 2016; Zhang et al., 2015) . Therefore, the cutoff point in the present study was 2009.
Limitations
Given that RT and CT for HNC are mostly outpatient treatments in Taiwan, the presence of dependents of working-age caregivers, such as children or parents, may have worsened treatment compliance. Although patients from deprived areas, such as Eastern Taiwan, often travel to other regions to receive medical services, the NHIRD only tracks the region of insurance application, which may be a patient's location of employment, rather than region of residence. Furthermore, the tumor-node-metastasis stage, nutritional status, education level, behaviors and habits, race, and faith of patients are unavailable in the NHIRD. The RT protocol type (conventional RT, three-dimensional conformal radiation therapy, IMRT, or VMAT), either palliative or curative, also affects the survival rate of HNC patients (Marta et al., 2014) . We focused on the survival of HNC patients who received a complete RT course; however, the RT protocol was the NHIRD. Newer RT techniques, such as IMRT and VMAT, may not be simultaneously introduced in all four geographical areas of Taiwan. In a relatively deprived area such as Eastern Taiwan, the introduction of such techniques may well be delayed. This uncontrolled bias might confound the higher mortality discovered in Eastern Taiwan. Several studies have shown that being human papillomavirus positive is associated with better survival in patients with oropharyngeal squamous cell cancer (D'Souza et al., 2016; Young et al., 2015) . These variables were not controlled or analyzed in the present study.
CONCLUSION
Income and residential area significantly affected the survival rate of HNC patients receiving RT in Taiwan. The highest income group had the best survival rate, regardless of geographical area. The negative predictive factors for survival in HNC patients included
